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Abstract
In The Netherlands, a new policy framework for 
limiting human use in marine protected areas 
was proposed in 2004. The framework consists 
of a system of ‘natural limits’ for which scientific 
consensus exist that as long as these limits are 
not exceeded, natural processes in the Wadden 
Sea will not be significantly influenced. This 
proposal produced much discussion as well as 
confusion concerning definitions. Should we 
speak of ‘natural limits’ or rather ‘user limits’? 
Are the limits set by the natural processes of the 
Wadden Sea, or rather by policy makers? And, last 
but not least, how do we quantify these limits 
in the light of the complexity and dynamics of 
the Wadden Sea ecosystem, and will they stand 
in legal procedures? In this study we evaluated 
the feasibility of the proposed framework from 
an ecological and juridical perspective. We made 
a distinction between two types of limits, those 
set by law and policy, such as the EU Habitats 
and Birds Directives or the trilateral Ecotargets, 
and those set by ecological knowledge, such as 
carrying capacity and minimal viable population 
size. We studied available knowledge and defined 
limits based on natural processes for salt marshes, 
mussel beds, bird populations and habitat type 
1140 (intertidal areas). Next, we formulated a 
stepbystep approach for setting limits to human 
use based on clear definitions for nature types. 
We studied whether this could lead to spatio
temporally defined user limits agreed upon by 
policy. We concluded that since the Wadden Sea 
is highly dynamic, any system of user limits should 
be made flexible and would require continuous 
monitoring and a system of adaptive management. 
We further concluded that a system of generic user 
limits, valid for all types of activities in all of the 
Wadden Sea is not feasible. Each proposed plan or 
activity needs a location specific assessment for 
which local and overall cumulative effects need to 
be assessed and weighted; however, scientifically 
well supported natural limits could substantially 
support the implementation of the legal system 
and the final go or nogo decision.
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1. Introduction
In 2004, the Dutch Advisory Committee on Wad
den Sea Policy suggested a new policy framework 
to set limits to human use in the Wadden Sea 
(Meijer et al., 2004). The framework consists of 
a system of ‘natural limits’ for which scientific 
consensus exists that as long as these limits are 
not exceeded, natural processes in the Wadden 
Sea would not be significantly influenced. The 
framework sets limits to human use, based on the 
premise that in the Wadden Sea natural features 
stand above human uses. The Committee sug
gested setting up a generic set of natural limits, 
valid for the entire Wadden Sea and for all types of 
activities. Once the limits are established, making 
the appropriate assessment (according to the EU 
Habitats Directive) of a new plan or project in the 
Wadden Sea should be easier.
In 2007, the Dutch Wadden Council (Raad voor 
de Wadden) published advice on the applicabil
ity of natural limits (RVDW, 2007). They gave 
a definition for natural limits in which human 
activities play a more prominent role: “a system of 
limits for the most important natural parameters, 
linked to human activities, for which scientific 
consensus exists that as long as these limits are 
not exceeded, natural processes in the Wadden 
Sea would go undisturbed”. The Council concluded 
that there should be a system of limits to human 
use, agreed upon by society, for which the ef
fects of human use lie in between minimum and 
maximum threshold values for significant change 
of ecosystems (Figure 1).
Various workshops have been held with experts 
and policy makers in an effort to elaborate on a 
system of natural limits. However, there has been a 
lot of discussion and also confusion on definitions. 
Should we speak of ‘natural limits’ or rather ‘user 
limits’? Are the limits set by the natural processes 
of the Wadden Sea, or rather by policy makers? 
And, last but not least, how do we quantify these 
limits in the light of the complexity and dynamics 
of the Wadden Sea ecosystem, and will they stand 
in legal procedures? 
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In this study the feasibility of the proposed 
framework is evaluated from an ecological and 
juridical perspective. Two types of limits were 
distinguished, those set by law and policy, such 
as the EU Habitats and Birds Directives or the 
trilateral Ecotargets, and those set by ecological 
knowledge, such as carrying capacity and minimal 
viable population size. For salt marshes, mussel 
beds, bird populations and EU habitat type 1140 
(intertidal areas) available knowledge was studied 
in more detail and an attempt was made to define 
limits based on natural processes.
2. Elaboration on natural limits
From analyzing documents and discussion sessions 
on natural limits we concluded that two main 
types can be distinguished:
1. Natural limits that follow from politi
cal or policy decisions; they are documented in 
the EU Habitats and Birds Directives, the Water 
Framework Directive, the trilateral Ecotargets or 
other documents. They specify minimum areas of 
habitats, or minimum habitat quality, or minimum 
size of bird populations needed for a good status 
of the ecosystem. They have been specified on 
the basis of ecosystem knowledge, however, they 
differ from Type 2:
2. Natural limits that follow from ecosys
tem properties, such as carrying capacity, minimal 
viable population size or tipping point of a regime 
shift; they are established on the boundaries of 
ecosystem components based upon ecological 
thresholds. Two subtypes can be distinguished:
a. Endogenic natural limits, determined by the 
boundaries of the range of natural variability 
Figure 1: 
Relational scheme for natu-
ral limits and user limits. A 
natural system has a present 
condition, which is less than 
the ecological maximum. 
For increasing levels of 
activities, the system moves 
away from the maximum 
towards a critical threshold 
value, beyond which signifi-
cant change of the system 
occurs. Two different limits 
can be defined for human 
activities. The natural limit, 
in strict sense, is the critical 
threshold for significant 
changes to the natural 
system. In fact, the user 
limit is an agreed limit up 
to which it is certain that 
no significant changes oc-
cur. In between the present 
condition and the limits, 
bandwidths of human use 
can be defined. After Swart 
and Van der Windt (2007).
within which the ecosystem component ex
ists.
b. Exogenic natural limits, determined by proc
esses and (a)biotic characteristics of envi
ronmental variables that serve as boundary 
conditions to an ecosystem component.
In our view, and in compliance with the defini
tion of the Dutch Advisory Committee on Wad
den Sea Policy, Type 2 is the true natural limit or 
threshold. Therefore, when the aim is to conserve 
certain ecosystem characteristics, human pressure 
on the ecosystem should never be so large that 
this limit is reached and a significant change of 
the system occurs. In practice, a safety margin 
is applied, and additional political reasoning 
will establish limits of Type 1. We suggest that 
ultimately limits to human use will be defined in 
such a way that the true natural limits are not 
exceeded. Conforming with the definition of the 
Dutch Wadden Council, we prefer to call these 
limits ‘user limits’, see Figure 1. An example is gas 
extraction in the Wadden Sea. Subsidence is the 
major problem so this activity is allowed as long 
as it does not exceed the natural sedimentation 
rate (a Type 2b natural limit) leading to drowning 
of litoral mudflats (a Type 2a natural limit). In this 
case the natural sedimentation rate is the natural 
limit to subsidence and thus to the amount of gas 
to be extracted. Due to coinciding sea level rise 
and safety margins the user limit is lower than 
the natural limit. The gas is extracted with “the 
hand on the tap”; if limits are exceeded the gas 
extraction is stopped.
Ecological optimum 
Present condition 
User limit : agreed upon limit 
for human activities 
Natural limit : critical limit 
for human activities 
Maximum bandwidth for human use 
Minimum bandwidth for human use 
Increasing activities 
Significant change 
of the system 
Safety 
margin 
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We have elaborated and defined natural limits 
for a number of ecosystem components in the 
Wadden Sea, i.e. salt marshes, intertidal sand flats 
and mudflats, intertidal mussel beds, and food 
availability for birds and will give examples of Type 
1 and Type 2 natural limits, where possible.
2.1 Salt marshes (habitats 1310 and 
1330)
Natural limits for salt marshes can be defined 
for their quantity and for their quality. A certain 
minimum size is required to have diversity of 
geomorphology and biotopes, and to give room for 
processes of natural rejuvenation. Beeftink (1984) 
defined a minimum size of 500 ha per site, which 
is a Type 2a natural limit.
The quality of a salt marsh is determined by 
the relative area of vegetation zones. Dijkema et 
al. (2005a) defined a set of (natural) limits to dif
ferent vegetation zones to be used for the Water 
Framework Directive. They state that the relative 
distribution of each zone should lie between a 
minimum of 5% and a maximum of 35% (with 
five vegetation zones) or 40% (with four vegeta
tion zones). Furthermore, climaxvegetation may 
not dominate (more than 50% cover) within its 
zone. Together with similar limits for Natura 2000 
habitat types, these are examples of Type 1.  
Regression from one vegetation type to another 
can be a natural phenomenon, but two phenom
ena in particular are unwanted since they will 
lead to an unstable or unvegetated and therefore 
potentially erosive situation:
regression from a low salt marsh (with sedi
ment stabilizing Puccinellia) to a pioneer zone 
(with Salicornia).
regression from a pioneer zone to a bare 
flat.
For the salt marshes of The Netherlands, theo
retical lower limits for the height of the marsh 
(relative to Dutch Ordnance Level) have been 
defined (e.g. van Duin et al., 1997). These can be 
1.
2.
viewed as a Type 2a limit: their endogenic natural 
limits. Due to sea level rise and soil subsidence, 
the relative height may decrease and unwanted 
regression may occur. The zonal hypothesis states 
that a change in vegetation type will occur due 
to relative sea level rise when the sedimentation 
rate lags behind. Oost et al. (1998) stated that 
there are no changes in vegetation type when 
the sediment balance deficit is temporary and 
smaller than 5 cm. Recent findings showed that 
in some cases a sediment deficit of as much as 
15 cm had no consequences for the vegetation 
(Dijkema et al., 2005b). The sediment balance 
deficit for which the salt marsh is still able to exist 
can be considered as a Type 2b limit: the exogenic 
natural limit. Research into soil subsidence due 
to gas extraction on the salt marshes of Ameland 
has shown that not only the sediment balance, but 
also the drainage and the grazing management 
have a profound effect on the vegetation zoning. 
This makes the definition of generic natural limits 
more complicated.
Finally, limits have been set for the percentage 
and maximum size of ponds within saltmarsh sys
tems by Van Duin et al. (2003): the total surface 
area of ponds may not exceed 10% and the size 
may not exceed 50 x 25 m, or have a maximum 
wind fetch of 80 m length. These limits have been 
based on analysis of natural salt marsh systems 
and are examples of Type 2a limits. A summary 
of natural limits for salt marshes is presented in 
Table 1.
2.2 Intertidal sand flats and mudflats 
(habitat 1140)
Natural limits for H1140 can theoretically be de
fined for its quantity and for its quality, similar to 
saltmarshes. Cleveringa and Oost (1999) studied 
fractal patterns in the tidal basins of the Wad
den Sea and defined a minimum tidal volume for 
sustainable existence of a tidal basin at 55 million 
m3. This is a Type 2a natural limit. 
Parameter Limit. Type
Size of a salt marsh Minimum size is 500 ha. 2a
Drainage and ponds Drainage channels naturally developed and maximum 10% of salt marsh 
area. Ponds are part of a natural salt marsh, total surface area maximum 
6% and maximum size 1250 m2 or wind fetch 80 m.
2a
Optimal distribution of habi
tat types  
H1310 (pioneer) ca. 525 % (with cover> 5%) and H1330 (welldevel
oped) ca. 75%. 
1
Optimal distribution of veg
etation zones
All possible zones have to be present with a distribution of minimum 
5% and maximum 40% (at a total of 4 zones) or 35% (at a total of 5 
zones). 
1
Sediment balance deficit Maximum sediment balance deficit < 515 cm. 2b
Table 1: 
Natural limits for salt 
marshes.
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Due to relative sea level rise, the hydrography 
of a tidal basin changes and the basin will attempt 
to import sediment to maintain an equilibrium 
state. The rate at which sedimentation can keep 
up with the rate of SLR is a Type 2b natural limit 
and is estimated at 5 to 6 mm/year for the Dutch 
eastern Wadden Sea. 
The quality of H1140 is dependent on many 
abiotic and biotic factors. Natural limits for the 
quality of H1140 are, therefore, hard to define. 
Moreover, the natural dynamics in quality pa
rameters such as species abundance, presence 
of biogenic species or sediment composition are 
very large. Type 2 natural limits can possibly be 
defined on the basis of an ecosystem approach 
in which the ecological functioning of food webs 
and nutrient cycling form a basis. A conclusive 
system, however, has not been developed yet. 
Therefore, only Type 1 natural limits, based mainly 
on quantity, can be used at this moment.
2.3 Intertidal mussel beds (quality 
criterion for H1140)
An intertidal mussel bed is defined as: “a benthic 
community in which mussels (Mytilus edulis) are 
dominant (>5% cover) and in which a spatially 
welldefined structure of large and small groups 
of mussels exists, rising above the surrounding 
sediment and separated by open spaces” (Brink
man et al., 2003). This definition can be seen as a 
Type 2a natural limit. Compared to salt marshes, 
the dynamics in structure and shape of mussel 
beds are highly variable. 
Mussel beds exist of mixed age classes that 
originate from years with successful recruitment. 
The size and structure of beds are continuously 
changing due to growth and loss of mussels. The 
maximum age of mussel beds can range over 
10 years (Goudswaard et al., 2006), however, 
approximately 50% of the area of mussel beds 
does not become older than 1 year and another 
25% does not become older than 2 years (Fey et 
al., 2008). Older banks show a vertical profile of 
dead shells, mixed with faeces and pseudofaeces, 
sand and organic detritus underneath and about 
40% live shells on top (Fey et al., 2008; Dankers 
et al., 2004). 
The stability of mussel beds is determined 
by many factors, such as the age of the bed, 
the shelldensity, the adherence of the byssus
threads, the bed structure, the height of the bed 
and the stability of the sediment underneath the 
bed. For the (longterm) survival of mussel beds, 
many more factors come into play, such as: bio
logical factors (spatfall, recruitment, predation), 
abiotic factors (inundation period, temperature, 
salinity, dissolved oxygen, flow velocity, wave 
exposition, position of the gullies, predominant 
wind direction). The long list makes it clear that 
Type 2b natural limits are based on multivariate 
factors and are hard to define.
2.4 Food availability for bird 
populations
The quantity of food necessary to support a 
population of birds can be seen as a natural limit. 
Such a limit depends upon species, time (period 
of wintering, moulding, breeding, etc.) and space 
(roosting areas, food availability nearby, etc.). Fur-
thermore, intraspecific competition plays a role. 
At the same time shellfish fishermen harvest 
mussels and cockles, an important food source for 
the birds. A major question is: how many shell
fish can be harvested annually without creating 
food limitation for birds. Calculating the natural 
limits and setting user limits helps to prevent 
starvation of birds due to exploitation of their 
food sources.
There are several models that predict the 
necessary quantity of food for birds (Brinkman 
et al., 2007). The generalized functional response 
describes the intake rate of food as a function 
of the density of prey and of competition. Under 
the assumption of ideal free (Fretwell and Lucas 
Jr., 1970; Sutherland, 1996) behaviour, this leads 
to predictions on the distribution of birds in their 
foraging area, the so called aggregative numeri-
cal response (Van der Meer and Ens, 1997). An 
important difference must be made between the 
physiological and the ecological need for food. 
The ecological need is determined by the amount 
of food that is physiologically needed and that is 
available for foraging. 
As an example we take the oystercatcher 
(Haematopus ostralegus), which mainly feeds 
on bivalves. For oystercatchers, Rappoldt et al. 
(2003) found that 3.1 times more food needs to 
be present in the Wadden Sea than is required for 
physiological purposes.  Wintering oystercatchers 
need 360 g/day flesh weight of bivalves, a Type 2a 
natural limit. To support a population of 216,000 
birds over a period of 250 days/year (the conserva
tion objective for the Dutch Wadden Sea, a Type 1 
limit), a minimum quantity of 0.36 kg/day x 250 
days x 216,000 birds x 3.1 (ecological need factor) 
= 60 million kg flesh weight is needed in total.
By monitoring the annual occurrence of mus
sel beds and cockles and the number of oyster
catchers, both needed and available amount of 
bivalves can be calculated. If the needed amount 
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is exceeded, shellfish fisheries can be allowed, 
and from the natural limit calculated above, a 
user limit can be set and harvested. In principle, 
such simple natural limits can be derived for more 
species of shorebirds, however, for many species 
knowledge is lacking, especially when they feed 
on a multitude of prey species. 
3. Juridical assessment
The Natura 2000 regime requires that conserva
tion targets are set for all sites designated under 
the European nature protection directives. The 
targets for a site particularly relate to safeguard
ing favourable conservation status for species and 
habitat types for which the site received its Euro
pean status. The implementation legislation of the 
Member State must ensure that human activities 
will only be authorised if, on the basis of an assess
ment, it is concluded that such activities will not 
frustrate the conservation targets of the relevant 
site. In case of uncertainties (‘reasonable doubts’), 
a plan or project may not be authorised.
The development of natural limits fits very 
well in this system. Particularly if the natural 
limits are related to the ecological characteris
tics and qualities that constituted the reason for 
designating the site, such limits can underpin the 
implementation of the legal regime. In fact, the 
natural limits constitute the ecological basis for 
monitoring ongoing activities and for assessing 
plans and projects that may affect the site.
A next step  setting user limits for human 
activities on the basis of natural limits  is to 
avoid unnecessary assessments, procedures and 
related costs; however, we conclude that such 
an approach will almost certainly raise conflicts 
with the legal requirements. Tailor work (concrete 
assessments of each plan and project) is required 
due to various factors, such as the complexity of 
ecological systems, the requirement to take into 
account cumulative impacts when assessing the 
effects of a plan or project, and the required ap
plication of the precautionary principle (absence 
of reasonable doubts). Nonetheless, as stressed 
above, the natural limits may substantially sup
port such individual assessments and may to a 
certain extent limit costs because assessments 
can be based on the already available knowledge 
regarding natural limits. To have these advan
tages over a longer period of time, monitoring 
and continuous research efforts to increase best 
available knowledge regarding the natural limits 
are crucial.  
4. Implementation of natural 
and user limits
We defined two main types of natural limits 
and deduced a third type, that of ‘user limits’. To 
improve the practical use, we propose the follow
ing set of definitions:
The natural limit is determined by the value(s) 
for (a) characteristic (environmental) variable(s) at 
which level a predefined ecosystem component 
or feature complies with its definition. Exceeding 
the natural limit leads to a significant effect upon 
the ecosystem component. 
The user limit is determined by the agreed 
value(s) for an activity at which level the char
acteristic (environmental) variables are not sig
nificantly affected. Exceeding the user limit may 
lead to a significant effect upon the ecosystem 
component. 
We propose the following steps when imple
menting a system of natural and user limits:
1. Define and quantify the ecosystem component 
and its qualifying variables (its endogenic 
natural limits).
2. Define the limits of the processes and (a)biotic 
characteristics of environmental variables that 
serve as boundary conditions (the exogenic 
natural limits).
3. Define the limits of external human factors 
that influence the ecosystem component and 
may force it beyond its definition (the ultimate 
user limits). 
4. Define the politically agreed limits for human 
activities in space and time. 
User limits can be made flexible in both time and 
space. The combination of changing environ
mental and human conditions and flexible 
user limits can only be managed by a form 
of adaptive management and monitoring. We 
therefore propose as subsequent steps:
5. Define monitoring parameters both for ecosys
tem parameters and human uses.
6. Define flexible user limits by comparing moni
tored system parameters with natural limits, 
including natural system dynamics. 
5. Conclusions
We conclude that a generic set of natural limits, 
valid for the entire Wadden Sea and for every ac
tivity is not feasible. There are too many intricate 
and unknown interrelationships to reach this goal. 
However, site and speciesspecific limits can be 
defined to enable appropriate assessments for new 
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activities in the Natura 2000 regime. Furthermore, 
we conclude that knowledge of resilience and 
uncertainty needs to increase in order to define 
natural limits and ‘significant effects’ of activities. 
We finally recommend application of appropri
ate monitoring and adaptive management tools 
in a framework of flexible user limits to support 
a sustainable balance between human use and 
nature.
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